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Data Mining of Page and Action Path on Web

Heng-Li Yang 
MIS Department, National Cheng-Chi University 

Qing-Fung Lin 
 MIS Department National Cheng-Chi University 

ABSTRACT 
The purchasing behaviors of different customers are various. The study of customer 

purchasing behavior can help organizations understand their client intentions to support 
their business activities. In the past, customer behavior data mining emphasized on the 
purchase items, i.e., what customers buy. There were few studies discussing what paths 
they took and what actions they made in an e-store. It is impossible for a physical store to 
record its customers’ all actions and passing paths. However, a website store can easily 
collect such data in an Internet log. This study proposes a data mining algorithm that can 
analyze both customers’ browsing pages and their actions paths. The algorithm’s efficiency 
and feasibility were examined in our prototype. This study would contribute to help the 
website mangers to restructure their website layouts or advertisement position to catch the 
customer’s eyes. 

KeyWords: World-Wide-Web; Web-Usage Mining; Data-Mining; User Behavior; Page Path; 
Action Path
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Mining) (Knowledge Discovery)

 (Frawley et 
al.,1991; Chen, et al., 1996)

log

(Chen,Park and Yu,1998; 88)
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(Data Mining) (Knowledge Discovery in 
Databases, KDD)
(Nontrivial) (Frawley et al., 1991) 

(Frawley et al.1991; Agrawal and 
Srikant,1994;Han and Fu, 1995; Huan, et al., 2003)

Han (Concept Hierarchy)
(Han,et al.,1991; Han, et al., 1992)

Agrawal Skikant 1994 Apriori
(Large Itemset)

(Candidate Itemset)
(Support) Support Support (Minal Support)

Join Large Itemset

Large Itemset
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Apriori Large Itemset
Savasere 1995 Partition

Apriori
Toivonen 1996 Large Itemset

Pasquier 1999 Large 
Itemset Pei (2004) Pattern-Growth Candidate

(Web Mining) 

WWW
Web Mining

(Cooley,et al., 1997a)
(1) (Web Content Mining)

HTML
(Web Page Content Mining)

(Search Result Mining)
(2) (Web Structure Mining)

(3) (Web Usage Mining) Log
(Chen,Park and Yu,1998;Pei,et al.,2000; 88)

 (Batista and Silva, 2002; Baglioni, et al., 
2003; Liu, et al., 2003)

Web Usage 
Mining (Cooley et al.,1999) (1) (Preprocessing)

Log (2) (Mining Algorithm)
(3) (Pattern Analysis)

 (Nanopoulos, et al., 2003)

(1) Chen (1998) MF(Maximal Forward)
Log Data Web
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(2) Hsieh Chang (2001)
ITIM(Integrated Transaction Identification Module)

(3) Yu Chen(2002) 

Candidate tree Support
Support Large Sequence

Support -

(4) Log Cooley (1997b)
Support Sequential Pattern

90
92

(5) ( 88) Next Pass 
Large Threshold Next Pass Large Sequence

Support

Min.Support
Support 1

Support (Pattern
) Min.Support

X
Support Large

Candidate Sequence CS
Large Pattern

Pattern Support 5
6 Large Pattern  Large

3 Large Pattern Pattern
Support 3 Large
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Pattrn
Large Large NextPassX Large

X Pattern Large Pattern
( Large)

CS

X

(6) Yun Chen(2000) WTM(Web 
Transaction Mining)

(7) Zhang (2000)

-

(1) Page
Action PA_ScanN LS0 Large Page Action 

Code (2) LS0 Page Action PA CS1

PA_ScanN LS1 (3) Product LS1 LS1 CS2

PA_ScanN LS2 (4) n> 3 LS(n-1) (PA_Join) LS(n-1)

CS(n) Large Large

K

Support

Must be Large when k 

K= K=i

Not Always Large when k 

Next
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-

-

Cookie

1. -

- Log

Session_Id
(Page_Id)

(StartTime) (EndTime) Log ExeTime

<AbaCcabBb> (
)

Log 

Page_Log
Session_Id Page_Id StartTime EndTime 

S001 A 2004/02/10 00:00 2004/02/10 00:10
S001 C 2004/02/10 00:11 2004/02/10 00:30
S001 B 2004/02/10 00:31 2004/02/10 00:50

… … … … 

Log

Action_Log
Session_Id Action_Id ExeTime

S001 b 2004/02/10 00:03 
S001 a 2004/02/10 00:09 
S001 c 2004/02/10 00:18 
S001 a 2004/02/10 00:25 
S001 b 2004/02/10 00:27 
S001 b 2004/02/10 00:40 

… … … 
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MainSequence
Session_Id PA_Sequence 

S001 AbaCcabBb 
S024 AcBabCaEacFx 

… … 

PA_Sequence <AbcAca>
bc ca A

A bcca PA_Sequence

PA_Sequence Page_Id Action_Id P Page_Id
A Action_Id S

Rule 3.1.1 Ss ∈ s
Rule 3.1.2 Ss ∈ s

<aAbc> <ABca>
PA_Sequence PA_Sequence

 p1 + A1 + p2 + A2 + … + pn + An p1 p2 …pn P
Element A1 A2 …An A +

(Concatenate) <Aab> +<Cc> <AabCc>

2. - Path

PA_Sequence
PA_Sequence s PAGE(s)

PA_Sequence
ACTION(s) PAGE(s)

ACTION(s)

PA_Sequence
PAGE(s)

ACTION(s) Ss ∈ >=< AabBacCbas P
s s

3 A
s s 6 P

s + A
s s

s s 9

- (Page-Action Algorithm) 

Apriori(Agrawal and Srikant,1994)
(Candidate Sequence,CS) Support Support

(Large Threshold) Large Sequence(LS) LS
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kLS 1+kCS 1+kCS LS

1. - Pattern (P-A Pattern) 

Pattern Candidate Sequence Large Sequence
Pattern Log Pattern

Log
Pattern

Definition 3.2.1.1 PA
Pattern PA

Definition3.2.1.1 P-A Pattern
Definition3.2.1.1 [AaBb] Pattern

Pattern A a A
B B b

Pattern Pattern Pattern 
[AaBbCc] [ABC] Pattern PA_Sequence [AaAb]

Pattern
Pattern Log

2. - Pattern (P-A_ScanX) 

Sequence Pattern
Element Pattern [ACE]

Pattern Sequence Pattern <ABCDE> <ACEBD>
[ACE] Pattern Pattern

[ACE] Pattern
<ACEBD> [ACE] Pattern <ABCDE>
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 Type  Type

 Type  Type

AbBc  AbBca 50%
Type I A b

B c 50% B c a

Type B
A b B c 50% c

a
Type A

b B c 50%
a

Type
B A b B c 50%

B a

Type (
)
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( )
( )

MainSequence

Session_Id PA_Sequence 
S005 AacbBacAbc 
S010 AaBcabCac 
S015 BcaCabcAcb 
S020 AcbCacbcaBca 

[AcBc] Pattern Pattern A
c B c

S005 S020
A c B c

C Support
Pattern [AcAb] Pattern Pattern ( )

Pattern A
c b S005 S015 S020

P-A_ScanX Support PA_Scan1 PA_ScanN
PA_Scan1 Pattern

Support PA_ScanN Pattern
Support [AaBb] Pattern <AabBabCcAaBb>

PA_Scan1 Support PA_ScanN
Support Pattern : [Aa] <AabaBacAac>

PA_ScanN Support 2 [Aa] A
a <Aaba> A a
a

<Aac> Pattern Support 2
PA_ScanN

PA_Scan_N( Pat as Pattern, Seq as Sequence) as Integer{  

00  int i,j,k,Support = 0; 
01  int PPLen = Pat.Page.length; //PPLen=Pat
02  For (i=0 ;i<=(Seq.Page.length-PPLen);i++) {  
// Seq PPLen (Seq -PPLen)
03    If(Pat.Page==Seq.Page.substring(i,PPLen)){ // PageCode
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04    int key=1 
05    For (j=0;j<=PPLen-1;j++) { // Page
06      int x=0; 
07      String XPat=Pat.Action.atPage[j]; //XPat Pat j
08      For (k=0;k<=XPat.length-1;k++){ 
09        x= Seq.Action.atPage[i+j].indexof(Xpat[k],x); 
//x action code x -1 action code 
10        If(x==-1){key = 0; j=PPLen; k=XPat.length;}  
// action code,
11      }//End For Loop L08~L11 
12   }//End For Loop L05~L12 
13  If (key == 1) { Support++;} // Support +1
14  }//End If L03~L14 
15  }//End For Loop L02~L15 
16 Return Support;  // Support
17 }//End Function 
PA_Scan1 PA_ScanN PA_ScanN 13

02 For i=(Seq.Page.length-PPLen)
support

3. - (Large Threshold in P-A Algorithm) 

Pattern
Pattern Large Scan

PA_Scan1( ) Agrawal and Srikant (1994)
Large Threshold

PA_ScanN( ) Large ( 88)
Next Pass Large Threshold Next Pass Large Sequence

Support Support
Min.Support PAScanN

Pattern PA Pattern
Pattern [AaBa] [AaAc] Pattern

[AaBa] 2 [AaAc] 1 PA_ScanN
Min. Support

Total Possible Support
Support

Support Min. Support
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4. - Join (P-A_Join) 

Candidate Sequence Srikant  Agrawal (1996)
join kLS  join kLS 1+kCS kLS Pattern 1+kCS

Pattern Pattern Pattern

Definition 3.2.4.1 X Y Pattern Z X Y Pattern
Z X Y Pattern

Join
Pattern Join Pattern

Pattern

(1) Pattern 

Pattern PA ( )
Pattern PA Pattern
Pattern [AbBa] [BaCc] Pattern [AbBcBa] [CcAbBc] Pattern

[AbBaCc] [CcAbBcBa] Pattern PA
Pattern P-A_Join CS

(2) Pattern 

P-A_Join CS
Pattern Pattern Pattern
PA [AbBa] [AcBa] Pattern [AbCaBa] [AbCbBa]
Pattern Pattern

Pattern [AbAcBa] [AcAbBa] CS Pattern
[AbCaCbBa] [AbCbCaBa] CS

Pattern Pattern

(3) P-A_Join

Pattern 1+kCS 1+kCS

P-A_Join
P-A_Join

 P-A_Join(LSList) as CSList {  // LSList CSList 

  For i = 0 to LSList.Index.Count-1 

    For j = i to LSList.Index.Count-1 

If ( Pattern PA ) { 

       If ( Pattern ){
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     ;

     CSList;         

}

Else If( PA PA

PA ) { 

        ;

        CSList;  

}

}

Next j 

Next i 

}

PageCode

PageCode 
Home 
PInfo 

OnSale 
Laws 

Submit 

ActionCode

PageCode 
H01 
H02 
P01 
P02 
O01 
O02 
L01 ( )
L02 
S01 
S02 
X00 
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S001
PA_Sequence Home(H02 H01) OnSale(O02 S01) Submit(X01)

MainSequence

Session_Id PA_Sequence: s |s|p
S001 Home(H02 H01) OnSale(O02 O01 S01) Submit(X01) 3

S002 
Home(H01 H02) PInfo(P01 P02 S01
P02) Laws(L01) Submit(S01 X01) 

4

S003 Home(H01) OnSale(O02 P01) 2

S004 
Home(H02) PInfo(P01 O01 P02 S01) OnSale(O02
S01 O02 S01) Submit(S02 X01) 

4

S005 OnSale(O02 O01 S01) Laws(L02) Submit(S02) 3
S006 Home(H01) OnSale(O01 O02 P01) Laws(L01) 3

S007 
Home(H02 O01) OnSale(O02 O01 S01) PInfo(P01
P02 S01) Submit(S02) 

4

S008 PInfo(P01 O01 P02) Laws(L02 L01) Home(O01 H01) 3

S009 Home(H02 O01 H01) OnSale(O02 S01) PInfo(P01
P02) 

3

S010 Home(H02) PInfo(P01 O02 S01 O01) Submit(X01) 3

PAScan1 30% 80%
L02( )

PA_Join
PA_Scan1

Large Sequence

 Large Sequence 1 Support LS1

Large Sequence What PA_Scan1 
Support 

Home(H02) 6
PInfo(P01) 6
PInfo(S01) 4
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Large Sequence 2 Support LS2

Large Sequence What PA_Scan1 
Support 

Home(H02)PInfo(P01) 3

Home(H02)Pinfo(S01) 3

PInfo(P01)PInfo(S01) 4

Large Sequence 3 Support LS3

Large Sequence What PA_Scan1 
Support 

Home(H02)PInfo(P01)PInfo(S01) 3

LS
80%

(80%)

1 PInfo(S01) PInfo(P01)PInfo(S01) 100% 

2 Home(H02)PInfo(P01) Home(H02)PInfo(P01)PInfo(S01) 100% 

3 Home(H02)PInfo(S01) Home(H02)PInfo(P01)PInfo(S01) 100% 

(80%)

1
[ ] 100%

[ ]

2
[

] 100% [ ]

3
[

] 100% [
]
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2

1

( )

-

-
-

80%

A a 70% B
b

-

80%
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-
Java J2EE MVC

Windows XP CPU AMD Athlon 2400+ 256MB DDR 133

N

Min.Support MinS Large
AVGPL 
AVGAL 

AVGPVar 
AVGAVar 

(1) MinS (2)
MinS (3) MinS

Log
Scan

23

-

1 10 MinS  30%
AVGPL=3 AVGAL=4 AVGPVar=0 AVGAVar=0

PAScan_1 PAScan1

PAScan_N Next Pass
MinS 25% 1 10

PAScan_N Next Pass = 0  Next Pass = 1
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PAScan_N
10

Support -

MinS
11

1000 3 1 4 2
PAScanN PAScan1

MinS

-

-
12 13 14

4
0 PAScan1 MinS 30% PAScanN
MinS 20%
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(1)

(2)

(3)
A

B 70%
A B

-

(1)

Support (TPS)
Large Large

Large Pattern Large

(2) Apriori
Apriori

(3)

1. 
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